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Does this describe you? 
     
 

 
• New to Python 

 
• Comfortable using ArcGIS but want to become 

more efficient 
- Automate common workflows 
- Build new analytical tools 
 
 
 



Agenda 

1. Python essentials 
- What is Python? Why use Python? 
- Python 101 

2.   Python for ArcGIS 
- What is ArcPy? 
- Accessing geoprocessing tools & environments 
- Error handling 

3. ArcPy functions 
- Batch processing 
- Accessing data with cursors 

4.  Python script tools 
5. mapping 



• Python References 
- http://pythonbooks.revolunet.com/ 
- Python tutorial (Python help) 

 
• ArcGIS Resource Center 

- http://resources.arcgis.com/en/communities/python/ 
- http://arcpy.wordpress.com 

 
- twitter.com/arcpy 

 

Learning Python 

 
 

http://pythonbooks.revolunet.com/
http://resources.arcgis.com/en/communities/python/
http://arcpy.wordpress.com/


• Instructor lead courses 
• Web courses 

 
 

Esri Training for Python 
http://www.esri.com/training 



Python Essentials 



What is Python? 

• “Python is an easy to learn, powerful 
language… (with) high-level data structures 
and a simple but effective approach to object-
oriented programming. Python’s elegant 
syntax and dynamic typing…make it an ideal 
language for scripting…in many areas and on 
most platforms.” –python.org 
 

• Scripting language of ArcGIS 
 

• Free, cross-platform, easy to learn, 
scalable, established and active user 
community 
 



Why use Python? 
 

• Use scripting to develop, 
execute, and share                        
geoprocessing workflows 

• Automate mapping 
workflows 

• Manage data and databases 
• Manage ArcGIS server 

services  
• Extend ArcGIS  

 
• Increases productivity 



Python 101 

• Where do I write Python code? 
- Python Interpreter 
- Python window in ArcGIS 
- An IDE like PyScripter, WingIDE, Komodo, PyCharm, etc.  

- creates a file with a .py extension 
- dbl-click or use the cmd prompt to execute a script 

 
• Variables do not have to be defined – dynamically 

assigned 
 input = "C:/Data/Oslo.gdb/Roads" 
distance = 50 
 
# Variables act as substitutes for raw values 
arcpy.Buffer_analysis(input, "Roads_buffer", distance) 



Python 101 

• Python has logic for testing conditions 
- if, elif, else statement 
- Colon at end of each condition 
- Indentation determines what is executed 
- == tests equality; other operators like >, <, != 

var = "a" 
if var == "a": 
    # Execute indented lines 
    print("variable is a") 
elif var == “b": 
  print("variable is {}".format(“b")) 
else: 
    print("variable is not a or b") 



Python 101 

• Techniques for iterating or looping  
- While loops, for loops 
- Colon at end of statement 
- Indentation determines what is executed 

 
x = 1 
while x < 5: 
  print x 
  x = x + 1 
 
x = [1, 2, 3, 4] 
for num in x: 
  print num 



Python building blocks 

 
• Function: a defined piece of functionality that 

performs a specific task; simple way to organize and 
re-use functionality  
 

• Module: a Python file where functions live; imported 
 import math 

math.sqrt(100) … 10.0 

 
• Package: a collection of modules 
 



Defining Functions 

• A simple way to organize and re-use functionality 
 

import arcpy 
 
def increase_extent(extent, factor): 
    """Increases the extent by the given factor""" 
 
    XMin = extent.XMin - (factor * extent.XMin) 
    YMin = extent.YMin - (factor * extent.YMin) 
    XMax = extent.XMax + (factor * extent.XMax) 
    YMax = extent.YMax + (factor * extent.YMax) 
 
    return arcpy.Extent(XMin, YMin, XMax, YMax) 
 
oldExtent = arcpy.Describe("boundary").extent 
newExtent = increase_extent(oldExtent, .1)  

Define your  
function 

Return a result 

Call the  
function 



Key Python data structures 

Type Explanation Example 
List Flexible ordered 

collection L = ["10 feet", "20 feet", "50 feet"] 
Tuple 
 

An immutable 
list (not editable) T = ("Thurston", "Pierce", "King") 

Dictionary 
 

Key/value pairs D = {"ProductName": "desktop",  
         "InstallDir": “c:\\ArcGIS\\Desktop10.0"} 

Set Collection of 0 
or more items w/ 
no duplicates 

S = (["A", "B", "A", "B"]) 



Demo 

“Whetting your 
Appetite” 



Python for ArcGIS 



Python 

• ArcGIS 10.0 supports and installs Python 2.6 
• ArcGIS 10.1 supports and installs Python 2.7  
• Intended to be the last major release in the 2.x series 
• Most 3.0 features added at 2.6, but some new features 

from 3.1 added here  

 
• http://docs.python.org/whatsnew/2.7.html 

 

http://docs.python.org/whatsnew/2.6.html
http://docs.python.org/whatsnew/2.6.html


ArcPy is… 

• The access point to geoprocessing tools 
 

• A package of functions, classes and modules, all 
related to scripting in ArcGIS 

- Helper functions that enable workflows 
(ListFeatureClasses, Describe, SearchCursor, etc) 

- Classes that can be used to create complex objects 
(SpatialReference, FieldMap objects) 

- Modules that provide extended functionality     
(Mapping, SpatialAnalyst modules) 
 

• Enhancement of arcgisscripting module (pre-10.0) 
- Your old scripts will work 



ArcGIS Python window 

• Embedded, interactive Python window within ArcGIS 
- Access to ArcPy, any Python functionality  

 
• Great for experimenting with Python and learning 

tool syntax 
- Help pane 

 



Executing Tools 

• Tools can be accessed directly from arcpy 
- arcpy.Intersect_analysis(…) 

• Or from arcpy ‘toolbox’ modules 
- arcpy.analysis.Intersect(…) 

• Environments accessed as properties from env class 

 
 import arcpy 
 
 # Set the workspace environment. 
 arcpy.env.workspace = "c:/data/Oslo.gdb" 
 
 # Execute the Intersect tool. 
 arcpy.analysis.Intersect(["roads", "urban_area"], "urban_roads", "ALL") 



Getting tool syntax  

• Tool help page 
 

• Copy as Python Snippet 
 

• Drag tool into Python window 
 

• help(“arcpy.Buffer_analysis”) 



Environments 

• Script writers set the environment and tools use them 
- See tool help for honored environments 

• There are: 
- General settings 

- Current Workspace, Output Spatial Reference, Extent 
- Raster analysis settings 

- Cell Size, Mask 
- And many more… 

 
arcpy.env.workspace 
arcpy.env.outputCoordinateSystem 
arcpy.env.extent 
arcpy.env.cellSize 



Demo 
Tools & Environments 



Error handling 

• Why do errors occur? 
- Incorrect  tool use 
- Typos 
- Syntax errors 

 

• What can I do if my script doesn't 
work? 

- View the geoprocessing 
messages 

- Use Python error handling 
- Debug the script in an IDE 

 

 



Geoprocessing messages 

• Three types of messages: 
- Informative messages  
- Warning messages 
- Error messages 

 
• Displayed in the Python window 

 
• In a stand-alone script you need to ask                     

for messages using arcpy.GetMessages() 
- (  ): All messages 
- (0): Only informative messages 
- (1): Only warning messages 
- (2): Only error messages 

 
 



Python error handling 

• Try…Except… 
- Try to do something, and if an error occurs, do 

something else 

 
 # Start try block 
 try: 
    arcpy.analysis.Buffer("c:/ws/roads.shp", 
                          "c:/outws/roads10.shp", 10) 
 
 # If an error occurs when running a tool, print the tool messages 
 except arcpy.ExecuteError: 
    print (arcpy.GetMessages(2)) 
 
 # Any other error 
 except Exception as err: 
    print (err.message) 



Demo 

When things go 
wrong 



ArcPy Functions 



arcpy Functions 

• The arcpy module contains functions necessary to 
perform many scripting tasks 
 

- Listing data 
- Describing data 
- Validating table and field names 
- Getting messages 
- etc. 

 

• Allows automation of manual  
 tasks 



Batch processing 

• Automating a geoprocessing operation to run 
multiple times 

- Clip every feature class in a                             
geodatabase to a boundary 

- Calculate statistics for every                                        
raster in a folder 

• List functions used in Python                                       
to perform batch processing 
 

• One of the highest values in                             
scripting 



arcpy.ListFeatureClasses() 

# Set the workspace 
arcpy.env.workspace = "C:/Data/Oslo.gdb/CityPlanning" 
 
# Get a list of all feature classes 
fcList = arcpy.ListFeatureClasses() 
 
# Print the names of the feature classes 
for fc in fcList: 
 print(fc) 
 
 



Getting data properties 

• Use the Describe function to read data properties 
- Returns an object with properties, like: 

- Data type (shapefile, coverage, network dataset, etc.) 
- Shape type (point, polygon, line, etc.) 
- Spatial reference 
- Etc. 

 
  
# Describe a feature class 
desc = arcpy.Describe("C:/Data/Oslo.gdb/Roads") 
 
print(desc.shapeType) 
>>> "Polyline" 
 
 

 



Classes 

• Most tool parameters can be easily defined 
- Such as a path or buffer distance 

• Some  parameters cannot be easily defined with a 
string 

- Such as a spatial reference or field mapping 

• Classes can be used to define parameters 
  

 # Create a spatial reference from a spatial reference name. 
 spatial_ref = arcpy.SpatialReference("Hawaii Albers Equal Area Conic") 
 
 # Run CreateFeatureclass using a spatial reference object. 
 arcpy.management.CreateFeatureclass(workspace, output_name, "POLYLINE",                            
spatial_reference=spatial_ref) 



Demo  
Batch processing 



Accessing Data with Cursors 



Cursors 

• Cursors provide record-by-record access 
- Are a workhorse for many workflows 

 
 
 
 

SearchCursor Read-only access 
UpdateCursor Update or delete rows 
InsertCursor Insert rows 



Cursors (ArcGIS 10) 

arcpy. InsertCursor(dataset, {spatial_reference}) 

 

arcpy. SearchCursor(dataset, {where_clause}, {spatial_reference}, {fields}, {sort_fields}) 

 

arcpy. UpdateCursor(dataset, {where_clause}, {spatial_reference}, {fields}, {sort_fields}) 

 

javascript:IDAHKJEB.Click()
javascript:IDAKLJEB.Click()
javascript:IDANMJEB.Click()


What is arcpy.da? 

• A new arcpy module for working with data in 10.1 
 

1. Faster cursors 
2. Edit session support 
3. NumPy array conversion 
4. Support for replicas, versions, subtypes, and 

domains 



Data Access cursors (New @ 10.1)   

• Much faster 
• Supports with statements (no del needed) 
• No need to access the full geometry 

 
 
 import arcpy 
 
  # Print the WELL_ID, WELL_TYPE, and the feature's X,Y. 
  fields = ["WELL_ID", "WELL_TYPE", "SHAPE@XY"]  
  with arcpy.da.SearchCursor("c:/data/base.gdb/well" , fields) as cursor:  
     for row in cursor:  
        print("{0}, {1}, {2}".format(row[0], row[1], row[2]))  
 
 



Demo: Cursors 
Row by Row Access 



Python script tools 
• Connects Python to ArcGIS 

 

• Great way to create and share 
custom workflows, extend ArcGIS 

- More accessible than stand-alone 
Python script 

 
• Integrated with geoprocessing 

framework 
- Inherits geoprocessing properties 

and environments from ArcGIS 
- Can be used in ModelBuilder 
- Works with map layers 

 
 

 



Python script tools 

• Arguments are user-defined inputs to a script 
- Values passed to script from user, instead of hard-coded 

• Use GetParameter or GetParameterAsText  to 
read arguments 
 

 
 

 # Create variables from input arguments  
 inputFC = arcpy.GetParameterAsText(0) 
 outputFC = arcpy.GetParameterAsText(1) 
 
 # First and third parameters come from arguments 
 arcpy.analysis.Clip(inputFC, "C:/Data/boundary.shp", outputFC) 



Connecting parameters 



Demo  

Script tools 



The Python toolbox (10.1) 

• Everything is done in Python 
- Easier to create 
- Easier to maintain 

 
• An ASCII file (.pyt) that defines a toolbox and tool(s) 

 
• Tools behave and look like any other tool 

 



Map Automation  
(arcpy.mapping) 



Managing Maps and Layers 
 
 • Manage map documents, layer files, and their contents 

- find a layer with data source X and replace with Y 
- update a layer’s symbology in many MXDs 
- generate reports that lists document information 
- data sources, broken layers, spatial reference info, etc. 

• Migrate Map Documents and Layer files to new data sources  
- Fancier scripts can help mitigate migration pain: SQL syntax 

changes, field name changes, etc 
- A complete concept document is dedicated to this topic 

- “Updating and fixing data sources with arcpy.mapping” 
- http://esriurl.com/python3 

 

http://esriurl.com/python3


Modifying Layer Symbology 
 
 • Access classified symbol renderer properties 
• New in ArcGIS 10.1 
• Support for thematic map books 

- graduated colors 
graduated symbols 
unique values 

- raster classified 



Migrating Map 
Documents 



More modules 



Spatial Analyst module 

• Integrates Map Algebra into Python 
- Defines geographic analysis as algebraic expressions 

 
- Includes all Spatial Analyst tools 
- Supports operators in Map Algebra expressions 
- Helper classes that can be used to support complex 

parameter 
- Output on the left-side 

 
from arcpy.sa import * 
demm = Raster("DEM") / 3.28 
slpdeg = Slope(demm, "DEGREE") 
 
demfs = FocalStatistics("DEM", NbrRectangle(3,3), "MEAN") 
 



Network Analyst (arcpy.na) 

• Network analyst tools 
• Support editing analysis 

properties of network analysis 
layers 

- No need to re-create layers 
- Speeds up execution 
- Simplifies script logic  
- Automate workflows from 

Python window 
 

• Provide helper functions and 
classes to easily use Network 
Analyst GP tools from Python 
   



Customizing Desktop for ArGIS with Python Add-Ins 

• An add-in is a customization, such as a collection of 
tools on a toolbar 

• Getting started: Guide Book in the ArcGIS for 
Desktop Help 

No dll’s! 

No compiling! 

No ArcObjects!  

Less code! 

 



Style Guide for Python Code 

• Python is designed to be easy to read and learn. It uses 
plain English names and offers automatic indentation, etc. 
However, you still must: 

- follow good coding standards & ensure consistency 
- include documentation and comments 
- use clear readable variable names 
- Avoid code duplication (re-use code in functions or 

classes) 

 
• Python Coding Style Guide (Pep 8) - 

http://www.python.org/dev/peps/pep-0008/ 
 

http://www.python.org/dev/peps/pep-0008/


Python Code Checker & PyLint 

• http://pych.atomidata.com/ 
 

• PyLint - python tool that checks if a module satisfies 
a coding standard 

- http://www.logilab.org/857 
 
 
 
 

 

http://pych.atomidata.com/
http://www.logilab.org/857
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